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GUIDELINES FOR HIGH SPEED ANALOG DATA TRANSMISSION IN THE
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GUIDELINES FOR HIGH SPEED ANALOG DATA TRANSMISSION IN THE
SWITCHED NETWORK
R.J. Perez

1. Introduetion

This technical memamandum (TM) discusses guidelines for high speed snalog dets tranmmission on
a switchad nerwark that reflects the semwnissiow impeirments sssociged with waday's netwark
couﬁgunum and new tugh speed modem technologies.

The ongmal amofmummtwwmm&rmwmmﬁ
10 aiiow thetr customers o run V. 34" modems at the highest data rate of 28,800 bits per second
(bys). it besame spparent thas this is not slways possibie. 1t may never by pastible depending on
how each customer's service 15 provided 1o them and how the netwark regtes eash call to the far
end. In many cascs, 1t will be @ an Inwrnet Service Provider (ISF), and their facilities will
mfluence the overall daw commecuon. It will siso depend on the motlems that arc being used

V.34 rechnology is tesed on assionptions and compromises that the locsl weiephone companies

have no cantrol over. However, an undarstanding of how V.34 modems make the connection will
take some of the mystery out of the blsck box.

Laboratory tests were conducted to dewrmine the effects of unslog to digit! (A/D) and digital 10
anaiog (D'A} convertions on V.34 modem connecnions. Also, vanous cables lengths with
bridged-ups (BT were put under test to undersiand thew offects on dats rate connections. A chart

has been developed in an atempt 10 quantify the effects of the wlephons netwerk on any given
cannecuan.
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2. V.34 Features

2.1 V.34 vs. V.32bis Camparison

As with the V.32bis specification, V.34 defines 8 2 wars, fill dupiex disi end lease line modem
g both synchronous and ssynchromous operstions. Likewise, the specification calls for
automauc fallback compatibility with lower speed modems such as V.32 snd V.22bis. -

A tmef companson of the differences are listod below:

[ ——— vV 3 V.34

i Modem Type Fixed Modulation Adsptive Imelligence
Dau Raes 14.4 kbps - 7.2 kbps 28.8 xops - 2400 tps
Bandwidth Fixed Varisble
Trelhis Coding 2-dimensional 4-dimnansional
Adaprive Equahization | Lisear Precoding

| Mapping { 2.D Shell Mapping 16-D Shel! Mapping

‘ Auxiliary Channe! None 200 bps

} Operaung Modes Full Duplex Full Deplex

! Half Duplex (Fax) Half Duplex (Fax)

L _Asymmetric

2.2 V.34 Features

These are the new features of V.34 modems that will respond to the telephone network:

Negotiation handshake

Line Probing

Precoding

Adspuve Pre-Emphasis

Adapuve Powsr Comrol
Mault-dimensians! Trellis Coding
Shell Mappmg (a.k.a. shaping)
Warping

B3 ~4 O e bt b

How do they sctually work? 1t 13 a complex negonstion sequencs. The fallowing 15 8 brief
discussion ut the major features which sre implemanted m V.34 modems.

2.2.1 Mode Negotiation Handshake

l
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A new tmndshake siart up pracedure developed specifisally for V.34 based products, V.§. meludes
mcmxuhwmdlhwmdmmquqnumwm
with the V.13bis defined Automods negonsnan procedare. Thit is the first signal that
aceurs berwwen two V.34 modems when making 8 connecnon. As with other elsments of the V.14
specification, V.8 15 an intelligent prosedurs ellowmg V.34 madems w perform feature and mode
negonation quickly, utilinng V.21 (300 bps FSK) modulation to sxchangs informanon.
Negonation pargmeters molude such information ss:

Idenufication of V.34 modems from all other rypes
Data mode or Text PFhone operstion

Modulanon modss available

V 42 and V 42018 support

Wireline or Ceilulsr operation

2.2.2 Liac Prahing

Line praping 1s i most significant enhancement 1 the new technalogy tuite in the V.34 standerd.
1t 1s the basic eapability that ajlows a V.34 madem to wnelligeatly chooss the aptunum opersting
parameters {Oor any piven tglephane comngenon. It is also the ares where manufsaturers of modems
deierrmne the arder of the features to be wnplementad.

Lime probing 1s a bi-divections! half duplex exchange which 15 performed intmedistely sfter V.8
negotianon It involves the wansrmission of 21 tones ranging from 150 K2 10 37350 Hz that allows
the distant receiver @ analyze the chargcteristics of the wicphone channel before entering dats
ransmission. The modems use this Ime anslysis information to choose several key opersiing
paramaters. including:

s Camer Frequency and Symbal Rate: Thus determines the optimum bandwidth and plscement
(center frequency) of the oransmutied nignal within the availabie chavmel bandwadth. The
moacms have 11 possible combinations 10 chaose from with 6 different symbol rates. each

with 2 passible cumer frequencies. Three of the symbel rates are nsndstory and three sve
anuonal (see bandwidih requirements)

s Pre-Empnasis Seiection. The modems choese the optismen transmit pre-smphssis filter froma
menu of 10 defined fillers wn the V.34 specificanon. (see Adzptive Presemphasis)

s Power Control Selection: The modetms choase the optimum tensmitter outpat power levei
wiin 2 range of sglection of 14 dB 1n | dB wicrements down from the nominal -5 dB
ransmuner leve! (see Adaptive Power contral)

Line probing 15 performed on every new connection s well as when § full remrain oceurs, which
can be performed at anynme dunng a connection. This allows V.34 modems to at only adapt w 8
troad range of different line types snd distornons from call ta call, bt also accommodate varymg
line conditions over long penads of tme on any given connection. With V.34 madems. as
performance decays n the presencs af umne verying distarvtans, the modem can re-enter line
probing at say tume w adyust for, i.e. "3dapt 10" the prevailng conditions.
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2.2.3 Precodisg

Precoding 1s actually 3 modification on an adapnive equeliser sestunique develeped in the 1970%
nown as Decisions Feedhack Equalizations or DFE. Decinion Feedbuck egualizers have been
praven 1o be the opumum receiver equalizanion icslsnque for snslog voies grede madems snd can
compensate for intersymbol Interference (1S1) caused by severely distarted chamneis. This is
essennal for mgh speed modems that need to utiiize svery ounce of the frequency specttum
available on the line.

The banc 1dea is 1o sphit the DFE between the transminter and the receiver. In 50 downg, the V.34
recgiver calculales the epumum equalizer coefficients as 1t would for « novmal DIFE. but relays
them back 10 the Tanmuner where the Tansmusted signal 15 equalized before ransmaission. The
result 15 the best of hoth worlds, Decision Feedback Equalization enwloying “pre”-equalization
and Treilis “Coding" which » “Pre-Coding.”

1.2.4 Adaptive Pre-Eraphasis

Thus 1$ another technology wken from the past (formally known as "compromise”™ equalization ar
“pre-emphasis”) and enhanced with adapnve mesiligence. In the past, manufacturers have
emmployed a fixed version of tus technology while m V.34 it is adsptive based on sctusl line
charactenstics. With pre-emphasis. the Tansmitted signal is passed thravugh 8 spsctyal shaping
filier which boosts signais 1 some parts of the sansuried spectrum while stemuanng signais i
other pans of the spectrum. Pre-emphasis 18 very effechive agunst signal-dependent distorsion.
The 13es 15 10 again pre-compensate for imown channe! distortians learned in Line Probmg. If for
example. ine probing desects that severe roll-off 1$ present ot the upper part af the chosen ransmil
spectrumm then an AppPropriate pre-smphasns filter can be introduced in the transmtter 1o
compensate Not anly i1 the direcy effeat of the channal distornon compensated for, but the maore
severe side effscts of non-hinear distornon are munimized as well.

The intelligence cames n with the selection of which pre-cmphasis filter to urilize. The V.34
specification defines 10 diffevent pre-cmphanis filters ta choose fram. The mformation srained
duning line probing 15 the primary deeision anrenia in seiectng the optimum pre-emphasis fliter.
the actuzl methad of which 15 up (o the \mplementor.

2.2.5 Adaptive Power Contral

Proper seiccnon of mansmitter power 15 cntical in high spesd echo canceling modems. Unlike
alder & wire modems or lower speed V.22bis class modems. 1t is nov wue that highst wanemi
power 1s aiways bener. Echo canceimg modems nesd to swike 2 balance bytween high
transmission power Which can imwove signal 1o novse 18810 for the distant receiver. but oan
mnwaduce undesired echo distornon for the local resetver. On the other hand, too low of »
transmitted sighal compromises bawc signal (o noise ratio. Adaptive power control is an
wntelligent. adsptive scheme which suramancally selects the optirmon Tansmit leve! besed on line
probing resuits A relstively timple concept. but 3 enincs! and cammpilex/delicate balance.

2.2.6 Multi-Dimensiooal Treilis Coding
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Treths coding, smply put is a forwerd errer sorrection coding schems. The value of the coding s
expressad as 3 “codmg gun” which 1§ & messure of the modems SfTor YUl REPrOVEMEnt over s
mmamtmuwnmm”efuuummmum
V.34 spetificanion ss compared 1o the cading tecinugue impiemented in V.12ns modems.

The significant points ralstive 10 muiti-dunensionsl coding are:

s V.34 sraploys three nsw dedimenyional coding schemes compared to the 2-dunensional
scheme crmployed m V. 12ins. &-dimunsions) coding hes been foond 10 provide the best wede-
off berween performanee, deiay md complexity of implemenution.

*  Ascan be scen by the performance gain va. complexiry teds off. the V.34 stawiards body has
anprouched the inmsts of dimmishmng returns to schieve the desired performance.

4D §-22te
(v.22)

4D 18-S

40 32 Stame

N

4D 64 Stae
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2.2.7 Shell Mapping (Shaping)

In gh specd modems sach symbol transmitied comtaing & muttiplicsty of uter data bits end coding
tits. Thess biws ere grouped invs symbais snd then ssapped W & 2 dunensional signal
constellanon (as shown i Figure 2). The resuitung signal poimt is then Ssasformad to 1t analog
signa) eguivalent for ransmishion over the snslog vesse chammal. Shell mappmg is » signal
constallaton mepping wchmique which snempts to distribuse thete signal points m the 2
dunensional space in such s way as 1o invprove the resatmt Asise imrmumty by spproxtmately |
4B

The concept 1s basieally that an optimum constellation would be a spherica! shape, however, this is
not possibie. Shell mapping spproxumates the sphaviss! sheps vy mepping s square grid
constellation to & near-sphericsl shape with guastian dismibution of the signal pomts m the 2
dimensions) space. The niet effect 5 that the constellation is axpynded. and the signs! to noise retwo
15 improved by approximately 1 dB. The V.34 specificgtion supports 2 levels of shell mapping
which are reistsd in terms of the resultng canstellstion expansion; 12.5% and 25% expannion.
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2.2.8 Warpiug (s.k.a. Nou-linsar Encoding)

Warping 15 anather form of signa! space coding specifically designed 1o combat the sffeets of
signal dependent chanve! distortion also knawn as nonelinear ditsornon or harmenic distornon.
Non-linesr distornan 18 present in all typas of telephons charmls and is by-inelarye due o the
PCM digita!l encading of the analog signals. The non-linear nyire of PCM coding conpoumded by
the nan-liness distartian invroduced by analog corrponents such s wansformers and loading coils
wreak havoe on these mgh speed modems.

Warping 15 3 means of trading off signsl to noise wamunity for improvement in signai dependen
distornon immunity. Figure 3 shows how warpmg does thus.

wWarping
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Figare 3

Knowing that non-hincar distortion effects the outer constellstron pamts more severely than the
inner constelianon point. the concept 15 to campromise the noise wramunsty of the inney points m
favor of tve mare susceptible out pomts. The result 15 that the mean distance between points 1s
increased 1n the outer fnge of the congtellation (inproving the ooty to »il types of distortion,
but particuisriv non-lineny distornion) while the mesn distance berween the mner points is redussed.

2.2.9 Implemestsrion

The V.34 suandard does not mandste e il impiememation of all festures within the doowmneTi.
There are mumimurmn requirements 5o tat modems will function at the V.34 teve] but it legves the
details {o the munufaenrers Each manufacoxer decides which options will be used and in what
order ther will be processed. With this overvisw. w8 1 understood that there are tradeofs and
caompromises pemg made (o opthiruze the V.34 modems performance witk the cormection over the
nerwork  The data rates will therefore be set to the highest possible level but to the lowest
denominaior of the modems for cormpatibulivy.
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3. Transmission Parameters for V.34 Modems

With some understandmg of what the V.34 modems sre doing n response to the tslephone
netwark, a laok at the nsmisnion requireTnents 13 nesded. The V.34 recommendation
requirements are based on modem implementation and need 10 be redefined m telephony trms.
The important paramaters sre bandwidih (frequency requiremetts), rucerve lavel, and noise
requirement. As the V.34 overview tried to illusarate, the madems are designed 1o wake the
network vanshons 1mto sccount and apnmize the modem’s performancs.

3.1 Banawidth Requirements for Data Rate Selection

The ITU Rocommendstion m this seotion & ealled Casvier Fraquencies. It takes severs! mbles and
calculations to put it into terms that make sense m the telephone world. The uble below shows the
relanionship berween symbol rate. handwidth and dass rase. Sywbal mm iy the term now uted te
express bsud rate  Each symbol encodes as many 85 nine (9) bits of dats which yields the dsa

rate  Ezcr svmbei rate exsept 3429 has rwo center frequencies to chose from and they sre salled
fgh and low  There ss approximatety a 200 Hz difference in the bandwidth used. This is 1o
cotupensate for frequency roli-aff at exther the high or low cuds of the speswrum.

data Rete

- 2400 Low | 1600 Hz 400 - 2800 Hs 1.6
; High | 1800 H2 600 - 3000 Hxz 216

2741 » Low | 1646 Hz 274. 3018 He 240
High | 1829 Hz 457 . 3200 Hz 4.0

|

{

|

; 2800 ¢ Low | 1680 Hz 280 - 3080 Hz 24.0
} High | 1867 H2 467 - 3267 Hz 24.0
$

| 3000 Lov ' 1800 Mz 300 - 3300 Bz 264
’ High | 2000 Hz $00 - 3500 Hz 264

© 3200 Low | 1829 Hz 229 - 3429 Hz 28.8
High | 1920 H2 320 - 3520 Hz 8.3

3420 ¢ 1959 Kz 244 - 3674 He 288

l
t
|

* Opuonal Symoo! Ratwe

Telephone wnfl requirements are usually wetten around 300 to 3000 Hz. As the table illustrates,
\'.34 modems go weil beyond these numbers. In reality. the network has more bandwidth than the
tanffs state. but there ave no guaransess. Different wransport systems will limmit the bandwidth.
Whle this Joes not effect vaice samnections. 1t will change the perfarmance of 3 V.34 medem. It
should be undersiaod that these modems are proding the very limits of the telephone spectrum and

trying 1@ adapt o the conditions that are there.
3.2 Receive Leval (Carrier Doteet)

The ITU recommendation on threshold levels for carrer detestion is 3 level greser than <43 dBm.
This 15 the modem ‘s term for recetve level. [t has been observed that most V.34 modems need s

_a. —— i
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tevel of 40 dBm at the high end of the bandwidih to set te symbol rase and bitrace. For example.
1f & modem registers 2 lovel of 42 dBm: at 3400 Hx. then it would select & symbol mte of 1200 and
use the lower cemer frequency of 1829 Hz. The das rate would be set at 26.4 Kbps if al! other
parameters were adoguate.

3.3 Noise Requirement

The ITU V.34 recommendanon doss not divsctly address the naiss requirements. 1t was

1 cheek with modem manufschurers. As the overview mdicated, the constellstion of the V.34
modam 15 VeTy COmpact. Signalero-Nose Ratio (SNR) was the parsmsier that was nesdad to de
met. The lower It that has besn quoted 1x 32 10 34 dB. This is the lowest SNR needed tm be
abic 1o connect at 28,8 Kbps on V.34 madems. MOt tritt requiretnents gre writtsn 1 guarantee
only a 24 dR SNR. The nerwork has improved and this aumber 13 achieved in the swiizhed
nerwark. out older rypes of network elements are still deplioyed and, as such. 2 SNR of 32 or
greater cannot be guaramesd.

Belicore's TM-25202" reparted signal-to~noise ratios for digitnl connections. When an snglogeto-
diptei (AD), then & digital-to-gnatog (D/A) conversion acaurs, there is 8 SNR of 36 w 38 4B
measured thraugh the sansport. A usverss! digitzl loop carer (UDLC) is eanmple
faund i1 the network  Two of thess ransparts would result in a SNR of 33 10 38 dB. Whena
local swareh and cable 15 added into the equanon, the SNR would fall to 32 or less. This would
drap the data rate one level. -

4. L.ocal Observations

Therz have been reports from local compentes having to 4o with short local loops. It was
determuned 1t loaps with less than 3 dB of loss were running lower than expected dsts rates,
Through mai and error, performance was somenmes improved by sdding addinanal loss to the
loap. The underiving factor was poor renurn ioss and some modems could not cancel out the newr
end eche that was produced. The medems would interpret the soho as nows and adjust the dans
rate down la compensate. This is 3 fundamental 1ssue that has been taken up by the EIA/TIA
standards body on analag modems. A new netwark model has been proposed 10 mare accurately
reflect the actual switched weisphone network.

Thuse sams short loopc can generate higher current through some modem munsformers and csute
poor pertormance. Customers have had to add balanced resistors 1 the line to reduce the cusrent
flow through their modems. Another 1ssus 13 with modemns that hsve slsstronic termination whieh
regulates the current 1f these modems are connected to a digtal loop carmer {(DLC) channel unx
that adjusts transmission levels based on loop resistance, the modems will receive 2 hot level and
have retumn loss problems.

The customer 5 home environment san effect V.34 modem petformance. Custamer premises wire
can pick up nowse when misted cabie paRs 15 not used. AlsQ, & divect tun from s prowector may
give some rmpravement  The other sourse of nowse can come from ather telephone sets on the
same hine as well as Fax machines and answenmng machines. Removing these deviees from the
daw hine could help 1 improving datw connections,
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5. Modem Testing
5.1 System Configuration
-
— =Rt
! . .
: | DS Switch
H !
TAS 1022HS _ﬁ . J
Terminal Emuistor , ‘ ; i
. C |
}
Eomou:: * Modem B2 ¥
Figare 4 Medem Test Configurstios
e MEXIEETL A Loap A -—t wrl f—
f ‘. =3 2 Switch
. | '
TAS 1022HS — ’ l :
Termindl Emuintar ‘ 5
- | .
iCQmpuscr- ; —‘l
: — ,_.___..$ i
1 P
J ‘RDT!  |ooT
© Loep B | st
—_— Nodemn Bf—-—--—--_  Em— 1

Figure § Madem Test Conflgurstion with Additieas! Canversion

The test setups detniled in Figures 4 and 5 involved s SLC %6 COT and RT with gppropriste POTS

and UVG LUs. The aceess sysiem m Figure 4 was installed as nwegrated DLC with the switeh
located at the Bellcare facibity in Red Bank, NJ. The DLC systams were locatzd st the Bellcore

i,

MY
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facility n Mamstown, Ballcore carporate network MUXs were used for the DS| connacnons
herween Momistown and Red Bank. In all cases. esch systens wis exrernally timed from s
Swravum ) Jevel asmum clock tource.

5.2 Test Prossdures

The goal of these tests wgs to detevmine the maxunum dats raies under diffevent condinons. A file
was rensferred berween modems to myure 2 velid connection.

A Telcam Analyns Sysiems TAS 1022HS wrminal emulawor was usad to control the modems.
Procomm PLUS for Windows was used o compraicats with the TAS 1022HS, A senipt Gle .
written 1 Prosomm’'s Windows Aspeet Script (WAS) lenguage was used to sutomace the TAS
1022HS disimg. fie munsfer and to caprure test results.

5.3 Reasuits
3.3.1 Tests with PCM Couversions

The table below shows results of tests where the number of anslog to digital convernions end the
joop lengths are vaned.

' Number of dB Lossat | 48 Lossat
s caonversions

! ns ™m 4.6 138 283
i 1 IKR IKA 17 18.4 28 28.
{
| : 1Kf 1.5 K#t 10.0 30.2 216 240
| 2 6 Kf 1.5 Kft 10.5 13.4 21.6 24.0
| 2 9 Kft 1.5 K 120 36.2 216 24.0
i z 12K 1.3 K& 13.8 392 19.2 24.0

A3 seen in the mble, one digital conversion resulied in A maximnum connect rate of 38.5 Kbps.
However. there was either no loop sttached or a very short loop was pragsent. The result was intie
frequency roll off at the gh end. When an yddstional conversion ts present, the data rate drops in
both directions.  There 15 no additional effect with loop length until after the 9§ Kft secvion is
raached. The level at 3604 Hz starts 1o gets claser to the 40 dBm pomnt at 9 K& aad a2 12 Kft. it1s
clase enaugh 10 1t that the dawa rate goes down another level.

§.3.2 Lacal Cable Tests

Below is 2 wble which shows the connect rues when using the fiftesn loops found i TR-NWT-
000393"". These loops were used to determine the effects of diffevant cable lengths and bndged-
wps (BT on modem connect rates. They are actual cables located in the Belicore Movnistown
Lab. The B side of the 1est configuration was set ot 1.5 KA of 26 gauge cable o m
Internet Service Provider on a short loop. cither 1o & local swyteh or & Digya) Loop Carmer (DLC).

The A side represented tymezl residential users. Only ane digital canvettion (6 present in tus st
of tests

n
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14 14 33 14 aK’s 264 264
13 12 3 12 27.6 64 264
12 133 0 113 215 264 64
1 12 1S5 1na 273 264 264
10 16.5 t 123 23 264 264
9 10.5 4.5 114 276 %4 6.4
B 16 ! 12.5 26 4.0 U0
? 135 0 122 283 264 264
6 176 ! 12.8 30.6 4.0 26.4
. § 15 1.5 123 294 4.0 4.0
" 4 17 0 13.0 304 24.0 4.0
; 3 15 3 130 313 24.0 24.0
‘g 2 16.3 1.3 133 316 U0 364
R B 0 143 32.7 21.6 340

The resuits indicate that bridged-tap does not divectly gffect the dats rems of V.34 modems. i is
mare dependant on the actual length of the cable. The data rate is conmant betweent 105 K&t and
16.§ Kft. The daza rate goes down ang leve! at |5 Kt and drops agwin at 18 K. The relationship
is m the pawer loss &t the high end of the spectrum. The B modem woukd be tansmitting at 3
~omtral level of -10 dBm. The receive level is then -36.9 dBm for loop #15 snd ~42.7 dBm for
loop #!. The actual level is what is determining the data rate.

6. Ganera! Assumptions

\With the observations and usung that has been done, mmlmpmmb&mde g0
achievg 2 28.8 Kbps conn 0O e Public Switehed R Ne] i tuee

\ .v-tmdc-uumswulmmammmeuf

B 8 Khns, On e averzee. th- mawm\ of
24.0 w0 26.4 Kbps.

The wble below could be used as an aid to determme the mos optimistic dats rate forzs VM4
modem over the Intra LATA Network. 13 is assumed that there are no trouble conditions and all
laops are wathin nermal parameters. [t 15 net sdvissble 10 avtarmpt ta acsign reiative vgluas to the
numbers.

“hoose ane stem from each applicable cutepory and place the suonber in the parenthests ia the
value box 1o the nght.

“Customer loop | O-9KANL (@) | 9-IZNLKR(1) | 12- 18 K&t NL (3)
: 18-24KAL(7) 1 24&30KKL(10) |>30KAL(12)
) Valge =
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Loap Cxr NeDLC(0) ~|IDLC UDlLC (&
o Laop Czr Vajue » |
Swatch Type Anslog (0) Dhgitsl (1)
Switck Value = | }
Interoffice Faciliry | Digital Route (21 | Analog tandem (4) | B/B T-Cxr (6) :
Facllity Valuae = | .
Switch Type Analog (0) Digim! (1) ‘
Switzh Valne w | |
i Loop Cxr No DLC (0) mLC (2) upLe 6 |
Loep Czr Value = | .
Customer loup 0-0 Kft NL (0) 9-1ZNLKA() |[12-18KANLQY)
1 18-26 KR L (7Y | 24-30 KR L (10) »JOKRL L)
Losp Value = |
Add the six values 10 obum the Sum of Values |
L Sum of all Valugre l

Take the Sumt of Values and find the range that identifies the most optimistic possible dats rats for
this connecthion.

0-6=28.8Kbps 7-90=264Kkps  10.13=24.0Kbps 1416 = 21.6 Kdps
17-20= 19.2Kbps 2125 =144 Kbps  26-30 = 9.6 Kbps

7. Conclusions

mmmmﬂwmj‘huum mmwmwmmummmnmk.
but an how modem manufscrurers have impiememed the V.34 recommendation.

The wlephone nerwark i3 made up of PCM links with A/D and DVA conversions.  Each bink will
degrade s V.34 madem connection by onc level due 1o the addition of quentization nowe
introduced by the u-law mmoodmg wnd decoding. Whaen local cable 15 added to the equanon. a
length of more than 9 Kft or greater will degrade 3 modem connect rate due to the frequency roll.
off at the high end of the spectrum. Therefare, i s telephane company had only digita! switches.
and all dignal trunking between them and had only local cable that never extended © KR, all therr
customers wayid be happily numag thewr dass \imes at 28.8 Kbps. However, this envirenment
does not exist at this me. Many modem users will hyve dsts connections at less than 28.8 Kbpe
but because of how V.34 madems opevste, they will run at the mos? optimum rate possible.

8. Referencas
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GUIDELINES FOR HIGH SPEED ANALOG DATA TRANSMISSION IN THE
SWITCHED NETWORK
R.J. Petez

1. Introduetion

This rechmcal memamndum (TM) discusses guidelines for high speed snislog dets transmission on
a switched nerwork that reflects the vamsmission impairments sssocisied with todsy's nerwork
configursuons and new tugh speed modem teckmologies.

The ongmal scope of ths document was to indicats procedures for the local teicphone compatties
to aitaw thetr cusiomers to nin V.34 modems at the highen data rate of 24,800 bits per second
(bps;. it became apparent thac this is not always possible. 1t may never be possible depending on
how each customer's seTvice 1S provided to them and how the nerwork roues saeh call to the far
end. In many cases, 1t will be © an [nternet Service Provider (ISF), and their facilities will
influence the overall data cannecuon. It will also depend on the modems that ace being used.

V. )4 rechnology is based on astumnptions and compromises that the local wiephone companies
have no control aver. However, sn undersuanding of how V.34 modems make the connection wil}
ke some of the mystery out of the black box.

Laboratory tests were conducted 1o detarmune the cffects of snslog to digital (A/D) and digita) 10
aralog (DA conversions on V.34 madem connscnions. Also, vanous cables lengths with
bridged-wps (BT) were put under test to underrtend therr effects on data rate connections. A chart

has been developed 1n an attempt 10 quantify the effects of the telephone netwerk on any given
connection.
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2. V.34 Features
21 V.24 vs. V.22bis Comparisan

As with the V.32Ins speaification. V.34 defines 8 2 wirs, full dupisx dial and lease line modewmn
supporting hath synchronous and asynchranous operanans. Likewise, the specification calls for
automauc fallback comparibility with lower mpeed modems suchss V.I2 and V.22bis.

A href campanson of the differences are listod below:

T V.32%is V.34

; Modem Type Fixed Modulation Adaptive fmelligence
Dau Rates 14.4 kbps - 7.2 kbps 28,8 Kops - 2400 tps
Bandwidth Fixed Varisble

i Treths Coding 2-gimenniomal 4-dimensional
Adapuve Equalizanon | Linear Precoding

| Mappmg 3.D Shell Mapping 16-D Shel! Mappmg

| awxiiary Channel | None 200 bps )

! Operaung Modes Full Duplex Full Duplex

1 Ha!f Dupiex (Fax) Haif Duplex (Fax)

t Asymmetric

2.2 V.34 Fantures

These are the new features of V.34 modems thmt will respond to the teisphone network:

Negotiation handshake

Line Probing

Precoding

Adapuve Pre-Emnphass

Adapuve Power Control
Multi-dimenniansl Trallis Coding
Sheli Mappmg (3.ka. shaping)
Warping

03 - Oh s bt B

How do they actually work? 1t 13 & compliex negonstion sequenca. The following 15 & bwief
discussion ot the major festures which are implementad m V.34 modems.

2.2.1 Mode Nepotiation Haudshake

i
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A new mandshake start up pracedure developed epecifically for V.34 based products, V.8, meludes
hackward compatibility to all lower speed modems with provisions o recogiuze 8nd interwaork
with the V.32bis defined Autemods negotistion proeedare. Thit is the first signal exchanys that
accurs berween two V.34 modems whan making § connecnon. As with ather elsments of the V.34
specification. V.5 15 a0 intxlligent pracedure sllowmg V.34 madems w perform feanwre and mode
negotiation quickly, utilizng V.21 (300 bps FSK) modulation to cxchangs infarmanon.
Negonation parameters moiude such information es:

Idenuficanon of V.34 modems from all other fypes
Data mode or Text Phone operation

Moduistion modes avsilable

V 42 and V 42013 support

Wireline or Cellular operanon

4 » & & @

2.2.2 Liac Probsg

Line praping 1s i most significant enhancement in the new technology suite in the V.34 standard.
it 1s the basic capability that wllows 3 V.34 modem to ineailigratly choose the aptonum operating
parameters {or any piven weiephane conneenon. It is slso the sres wheve manufsaturers of modems
determmine the arder of the features to be tmplementsd.

Lime probing 15 a bi-direcnional half duplex exchange which 15 pstformed immediately after V.8
negotiaion It immvolves the ransmission of 21 tones rangmg from 150 Hz 10 3730 Hz that allows
the distant recesver (0 analyze the charscteristics of the telephone chammal before entering dats
transmission. The madems use tus lme anglysis information to choose several key opersting
parsmaiers. including:

s Camer Frequency and Symbal Rate: This determunes the optimum bandwidth and plscement
(center frequency) of the ransmitted wignal within the availabie channe! bandwadth. The
moacms have 11 possibla combinahens 10 choose fram with 6 diffevent symbol rates. each

with I possible camer frequencies. Three of the symbel rates are mandatory and thres are
opuonal i ses vandwidih requirements)

« Pre-Emphasis Setection. The modems chooese the optinmam transmmit pre-smphasis filter froma
menu of 10 defined filters in the V.34 specificanon. (see Adaptive Presemphasis)

s Power Control Selection: The modetmns choose the optimum transmitter output powet level
witn a range of selection of 14 d8 in | dB rerements down from the nommal -5 dB
trangmicter leve! (see Adaptive Power contral)

Line probing 16 perfarmed on every new connection s well as when 8 full resrain oceurs, which
can be performed at anynme duning a connecnon. Ths allows V.34 modems to not only adapt o a
troas range of different Lne types and distortions from call to call, but siso accommodate varymg
hine conditions over long periads of tme on any given commection. With V.34 modems. as
perfarmance decays m the presence of tme varywg distornons. the madem can re-enter line
prabing & any tme o sdyust for, i.e. "2dapt W" the prevaitng conditions.
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2.2.3 Precoding

Precoding 1s actusily 3 modification on s adapnive equaliser resknique developed in the 1970
mown as Deciwons Feedback Equalizations or DFE. Decition Feedbuck equalizers have been
praven to be the opumum receiver equalizanion tcehnique for snslog voiee grade modems and can
compensate {or Intersymbol Interferenca (IS]) caused by severely distorted chaxmels. This is
essenitial for high speed modems that need to utihze every ounce of the frequency spectrum
availablc on the Ime.

The basic 1dea 1s to split the DFE between the transmitter and the receiver. In 5o downg, the V.34
recgiver catculates the epumum equalizer coeflicients as it wauld for & norma! DFE. but relsys
thermt back to the oanstuter where the transmuyrted sigoal s equalized before transmission. The
result 15 the best of both worlds, Deesion Fesdback Equslization emwloying “pre"-equalization
and Trellis “Coding” which n “Pre-Coding.”

1.1.4 adaptive Pre-Emphasis

Thus 15 another teclmology taken from the past (formally known as “compromise”™ equslizstian or
“pre-emphasis”) and enhanced with adapnve mtetligencs. In the past, manufacturers have
employed a fixed version of this technology while m V.34 it is adaptive based on actusl line
charsctenstics. With pre-emphasts, the ransmitted signal is passed through » spectral shaping
filker which boosts signais w some parts of the wanstunted spectrum while senuatng signais in
other pants of the mectrum. Prec-emphasis 18 very effective agunst signal-dependent distortion.
The 10¢3 15 to again pre-compensate for known channe! distornans learned in Line Probing. If for
example. line probing detects that severe rall-off 1§ prezent ot the upper part af the chasen Tansmi
spectrum then an appropriste pre-emphasis filter can be introduced in the transmutter to
compensate Not anly 15 the direcy eftect of the channel distornon compensated fox., but the more
severe side 2ffects of non-linear distornion are mmimized 35 well.

The intelligence cames n with the selechan of which pre.emphasis filter to unlize. The V.34
specification defines 10 diffevent pre-cmphasis filters to choose fram. The mformation srained
duning line probing 15 the pnmary deeision ontena in seiectne the aptmum pre-emphasis filter.
the actual method of whieh 15 up 10 the wmplementor.

2.2.5 Adaptive Power Contral

Proper seiechon of oansmitier power 1s cntical in Nigh speed echo canceling modems. Unlike
alder 4 wire madems or lower speed V.22h1s class modemns, R is nav wue that higher wansmit
power 1s aiways bener. Echo csnceling madems need to saike a balance byrween high
rransmission power which catt improve signal 1o nose tetio for the distant receiver. but can
ntroduce undesired scho distornon for the local resesver. On the other hand, too low of »
ransmitted signal comprommises basic signal (o noise ratio. Adsptive power control is an
intelligent. adaptive scheme which suramancally selects the optimumn wansmit level based on line
probing resuits A relatively simipic concept. hut a enincal and complex/dehcste balance.

2.2.6 Mutti-Dimensioost Trellis Coding
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Trellts coding, sunply put .sawmmmmmmu«umu
expressed as 3 “coding Fam” which 18 3 messure of the modems efror Tete mpravement over
mdmdmﬁml:bowshmwwdmamafuthummmmm
V.34 specification ss compared to the cading techrique implementsd in V.32bis modems.

The significam pownts relative to multi-dunensionsl cading ere:

e V.34 employs three new d-dimenyional coding schemes compared to the 2-dimensional
scheme eraployed m V. 12bis. 4-dimensional coding has been faond to provide the best wade-
off herween performanee, delay and corplexity of implementation.

v Ascan be seen by the performance gain va. complexiry tude off. the V.34 standards body has
anprouched the limits of dimmishing returns to schieve the desired performance.

Coding
a 20
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- 1’- !
40 16-San g 1
10w
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